 (Folia Morphol 2019; 78, 1: 145-152) 
INTRODUCTION
Stereology is a technique used, not only in biological research, for three-dimentional interpretation of two-dimentional images [25, 27, 30] . Unlike biased methods used in morphometric studies, new stereological methods are "unbiased" [17] . The "efficiency" principle is as much important as the "unbiased" principle in stereological methods [17] . Efficiency can be defined as reaching reliable results in a short time. This principle is based on "Systematic Random Sampling" (SRS) performed for the structures that need to be basically examined under separated components in such sampling, all components of that structure are allowed to be sampled with probability sampling [17, 29] . Many various methods are used to calcuate total volumes of organs or structures or count components [8, 11, 14, 20, 30] . The Cavalieri's method is commonly used in stereology to calculate total volume [12, 13, 17] . This method can be applied to calculate the volume of any structure having distinguishable borders macroscopically or at microscopic magnifications regardless of their correlations with their surrounding structures [12, 17] . It is a frequently preferred method in the stereology to calculate the areas of cross-section images by using a point grid [25] . After counting the total area of projections of the examined area in cross-sections, the total volume is calculated by multiplying with the mean thickness of cross-section used to obtain total area value, slices or cross-sections [7, 11] . The spinal cord (SC) is a part of the central nervous system that controls the voluntary muscles of the limbs and trunk and receives sensory information from these regions. It also controls most of viscera and blood vessels of thorax, abdomen, and pelvis. The cord is made up of a series of segmental components, but it is actually a continuous cylinder of central nervous tissue in adults. The SC occupies most of the cross-sectional area of grey and white matters [10] . The geese belong to the subfamily Anserinae of the family Anatidae from the order Anseriformes of the class Aves [1] . Following the literature review in the study, it was determined that there was a limited number of anatomical studies on morphology of the SC of geese and there was no stereological studies on this subject. The purpose of this study conducted on thoracic segments from the SC of adult geese was to determine grey matter, white matter, and total volume values of thoracic segments. Cavalieri's Principle was used to determine these values. The volume calculations on SC was important because of the lack of volume studies on nervous system of poultry. The obtained volumes and reference findings were determined and presented as original article to contribute to the global knowledge inventory. The aim of this study was to provide basic data for anatomical, histological, stereological and neurobiological studies conducted towards nervous systems of birds.
MATERIALS AND METHODS
Final report of the research project detailed was approved by Van Yuzuncu Yil University Animal Researches Local Ethic Committee in the session held on 09/29/2016 (Decision Number 2016/09). In this study, 10 healty 1-year-old geese having a weight of 3-4 kg were used as material without sex discrimination. Geese were obtained from poultry breeders in Van region. Anaesthesia was applied to them by ketamine hydrochloride (50 mg/kg IP) at anatomy laboratory [2] . For the fixation of the materials, 10% buffered formaldehyde solution was used by perfusion technique in intracardiac method. The geese were kept in 10% formaldehyde for 1 week. Soft tissues around the vertebral column were removed. There were 9 thoracic spinal segments in geese. Thoracic spinal segments were separated from other parts of SC.
A pilot study was conducted to determine the number of animals, sections, and sampling. It was determined that SHTEREOM 1.0 Package programme was adequate for this method (Fig. 1) [12] . 5 µm thick tissue sections were cut. Averagely, 12 cross-sections were taken from the thoracic segment of the SC of each animal. Sampling was performed systematically and randomly at the ratio of 1/250 by starting from a random one among the first 15 cross-sections and taking following every 250 th cross-section. The sections were stained using haematoxylin-eosin staining method and closed by lamellas [19] . The stained sections were photographed at ×4 objective magnification (Figs. 2, 3) . The estimation process was performed using Shtereom 1.0 programme [24] . By using the point field scale at ×4 magnification, surface and volume of white matter, grey matter, and total volume of thoracic segment of geese were estimated (Fig. 1) . The number of points were used as volume value of segments [17] . In this study, there is no cross-gender comparison in order to expand the field of study. It will be useful to conduct a study aiming to compare gender-related volume values in thoracic segments.
RESULTS
When mean volume values of thoracic segment were examined, it was observed that the highest value belonged to the first segment (3.753 mm 3 ). This value decreased beginning from the segment T2 and the values of the segments T5 and T6 were the lowest ones. While this value was 2.585 mm 3 for the segment T5, it was 2.500 mm 3 for the segment T6. An increase was determined again for mean values of thoracic volume as from the segment T7. This value increased to 3.008 mm 3 in the segment T9 (Table 1) . When the white matter values of the thoracic segment were examined, the first thoracic segment had the highest mean value (2.343 mm 3 ). Mean volume value of the white matter was identified to be 2.139, 2.091, and 2.039 mm 3 for the segments T2, T3, and T4. A decrease was revealed in the segments T2, T3, and T4 in terms of the white matter values. While the decrease in the value continued also in the segments T5 and T6, a distinct increase was observed in the segment T7. This value was calculated as 2.089 mm 3 in the segment T8; whereas, it was 2.110 mm 3 in the segment T7. It was observed that the mean volume value of the white matter in the segment T9 was 2.190 mm 3 and this value increased in the segment T9. The segment T6 had the lowest value in terms of the white matter volume (1.184 mm 3 ) ( Table 2) . When mean volume values of grey matter in the thoracic segments of geese were examined, it was found that the segment T1 had the highest value (0.943 mm 3 ).
While mean volume values of the grey matter decreased in the segments T2, T3, and T4, the lowest value was 0.587 mm 3 and belonged to the segment T5. This value showed a certain increase in this value from the segment T6 to T8. This value was 0.706 mm 3 in the segment T9 (Table 2 ). When tables of the grey matter/ /the white matter ratio were examined, the highest mean ratio was 0.392% and belonged to the segment T1. This value decreased in the segments T2, T3, and T4 and increased to 0.366% in the segment T4. This value decreased to 0.332% in the segment T5. The ratio of the grey matter to the white matter increased in the segment T6 and decreased again in the segment T7. While this value was 0.358% for the segment T8, it was measured as 0.333% for the segment T9. The lowest the grey matter/the white matter ratio was 0.332% and belong to the segment T5 ( Table 2) . As the white matter/the thoracic SC volume ratio was examined, the highest mean value belonged to the segment T9 and was measured as 0.739%. The lowest value was 0.639% and increased from the segment T1 to the segment T7. While this value was 0.659% in the segment T2, it was 0.734% in the segment T7. Although the white matter/the thoracic SC volume ratio decreased in the segment T8, this value increased again in the segment T9 (Table 1) . When the thoracic segments were examined in terms of the grey matter/ the thoracic SC volume ratio, the segment T6 had the highest volume ratio (0.258%). This value was followed by the segment T8 (0.257%). The lowest volume ratio belonged to the segment T5 (0.237%); whereas, volume ratio of the segment T1 was 0.246%. While this value of the segment T1 decreased in the segments T2 and T3, it increased in the segment T4 ( Table 1) . The newest and unique methods of stereological examinations were applied on thoracic SCs of geese. It was hoped that this study may be a reference study for other anatomical and stereological studies at neuroanatomy on birds. This study was aimed to obtain the basic data about the thoracic segments for neuroanatomy on the poultry. The upper limit for coefficient of error (CE) and coefficient of variation (CV) is 0.05 and 0.10, respectively [12] [13] [14] [15] . Values at Tables 3  and 4 and these limits indicate that the study has a sufficient precision for a typical stereological design. The values calculated at the Tables 3 and 4 showed that the numbers of animals were sufficient for this stereological study. All values of CE under 0.05 and all values of CV were under 0.10. 
Statistical analysis
In this study, Duncan test was used for statistical analysis. When volume values of the thoracic SC were examined statistically, there was no significant difference between the segments ranging from the segment T1 to the segment T9 (Table 5 ). It was found that there was no statistically significant difference between the segments T1, T2, T3, T4, T5, T6, T7, T8, and T9 in terms of volume values of the white matter (Table 5 ). When volume ratios of the grey matter were examined statistically, it was determined that there was no difference between the segments T2, T3, T4, T7, T8, and T9; whereas, a statistically difference was observed between the segment T1 and the segments T2, T3, T4. P < 0.01 and p < 0.05 were found to be positively correlated with live weights of animals at T3 and T4 segments, respectively (Table 6 ).
DISCUSSION
In the study conducted by Begüm et al. [3] , on the SC, they segmented the SC along with the vertebral column and then decalcified it. In a study conducted on poultry from the breed leghorn [4] , it was reported that segmentation of the SC was not necessary before decalcification and it could be decalcified as a whole. In the present study, the SC was removed by removing arcus vertebrae from vertebral column. Vertebral column was also used as a guide for the segmentation of the SC. In the present study, it was determined that the thoracic area, a part of the SC, could be segmented under the guidance of vertebral column in geese without using decalcification method. The studies [6, 9, 10] have reported that the number of the thoracic vertebrae is 9 in duck, 9 in goose, and 7 in chicken, pigeon and, quails. In a study Table 6 . Spearman correlation coefficients between weight and thoracal segments. T2  T3  T4  T5  T6  T7  T8 on morphological characteristics of the SC in chicken, pigeon, and duck, it was stated that the number of the thoracic segments was 6 in pigeon, 7 in chicken, and 8 in duck [16] . Likewise the previous studies, the present study also revealed the presence of 9 thoracic vertebrae in geese. Areas and area ratios of cross-section of the white matter and the grey matter in lumbal segments of the SC were represented as a parameter in morphometric studies on horse [5, 26] , donkey [21] , ape [28] , human [18] , and rat [22] . The present study revealed morphometric and stereological results by calculating the total volume of thoracic segments, the white matter volume, the grey matter volume and their volume ratios among geese. In the study by Hazıroğlu et al. [16] , it was determined that The difference between the averages expressed in different letters in the same column is significant a, b, c -means in the same column followed by different letters are different by the Duncan test (p < 0.05).
T1
area values of the segment C4 in chicken and duck were larger compared to the other segments and the white matter/the grey matter ratio of the segment C1 was lower than the other segments. When the grey matter/the white matter volume ratio of the thoracic segments was examined in the present study, it was found that while the highest value belonged to the segment T1, the segment T5 had the lowest ratio. Rahmanifar et al. [23] reported that the thoracic part had the minimum amount of the grey matter in adult ostrich. Similar to the results of the study by Rahmanifar et al. [23] ; even though volume values of the grey matter of the thoracic segments in geese were generally low in the present study, mean volume value of the white matter was higher compared to the grey matter. In a study on poultry [4] , the cervical enlargement was stated to be composed of C13, C14, C15, and T1 and T2. The present study also revealed that the segments T1 and T2 involved in the formation of the cervical enlargement area. In a study by Haziroğlu et al. [16] , it was explained that the cervical enlargement was shaped by the segments C13, C14, C15, T1 and T2 in chicken, the segments C12, C13, C14, C15, T1 and T2 in duck, and the segments C11, C12, C13, T1 and T2 in pigeon. In the present study. it was determined that the segments T1 and T2 involved in the formation of the cervical enlargement.
CONCLUSIONS
In conclusion, it was determined that all segments, the grey matter and the white matter showed differences between the thoracic segments of the SC in terms of volume values and these differences caused statistically significant results. It was revealed that it was possible to calculate volumes of the grey matter and white matter in the thoracic part of the SC in geese from poultry by using stereological methods and more correct data could be obtained using physical dissector method while making all these calculations. It was also found that the sampling method used in the present study might remain insufficient to calculate parameters such as volume and number concerning whole SC as used for the thoracic part of the SC and it was needed to determine a sampling strategy for each segment as in the present study. It was thought that repeating the available studies, on the segment of the poultry evaluated with previous methods, within the scope of stereological methods would make contribution to the science. The requirement of CE of 10% or below in calculation of the volume values using Cavalieri's principle is accepted as an important parameter in terms of the reliability of the study [12, 15] . In the present study, CE was evaluated individually for calculations of total segment volume, the grey matter volume and, white matter volume and this value reported was reliable. As a result, it was seen that total volume of the thoracic segment was the highest at first thoracic segment. And the white matter of the thoracic segment had the highest volume at first thoracic segment. Also, volume of the grey matter was the highest at first thoracic segment. It was shown that total volume of the thoracic segment, volume of the white matter, and the grey matter were parallel at the first thoracic segment. The lowest volume of the thoracic segment was observed at sixth thoracic segment. The white matter had the lowest volume value at sixth thoracic segment. But the lowest volume of the grey matter was observed at fifth segment. Upon the literature review, any data about stereological study could not be found. So, there was no reference literature about stereological study on the thoracic segments of geese. This study revealed volume values of the white and grey matters and total volume of the thoracic SC of geese by using the Cavalieri's Principle, which is the last stereological and morphometric method. We believe that the results of this study may be used as a reference data. It was especially determined that stereological data, obtained as a result of the study, made a significant contribution to calculation of volume values of the area by evaluating these data within themselves. In this study, there was no gender comparison in order not to expand the field of study. It would be useful to conduct a study aiming to compare gender-related volume values of thoracic segments.
